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Channel estimator for OFDM system 


The present invention relates to the channel estimation in a wireless orthogonal 
frequency division multiplex (OFDM) system. Particularly, the present invention relates 
to a device for receiving signals in a wireless cellular OFDM system and to a method 
for channel estimation in such a device. 

A general wireless communication system comprising a transmitting device 1, such as a 
base station, and a receiving device 10, such as a mobile terminal, is shown in 
Figure 1 . The transmitting device 1 comprises all necessary and known elements for the 
operation in a wireless communication system, such as a voice codec 2, a channel 
encoder 3, an interleaver 4, a modulation means 5, an upconversion means 6, a power 
amplifier 7 and an antenna 8. In case that the transmitting device 1 is part of a base 
station of a wireless communication system, the base station further comprises all 
necessary elements for receiving signals and for processing the received signals. 

Signals transmitted via the antenna 8 of the transmitting device 1 are wirelessly 
transmitted to a receiving device 10 of the wireless telecommunication system, 
optionally with the support of an intermediate amplifying radio tower. The receiving 
device 10 of the wireless communication system comprises all necessary elements for 
the operation in the wireless communication system, such as an antenna 11, a low-noise 
amplifier 12, a downconversion means 13, an A/D-converter 14, a demodulation means 
15, channel estimation means 16, a deinterleaver 17, a channel decoder 18 and a voice 
codec 19. In case that the receiving device 10 is part of a mobile terminal of the 
wireless telecommunication system, the mobile terminal further comprises all necessary 
elements for transmitting signals in the communication system. 

The channel estimation means 16 performs a channel estimation for the transmission 
channels between the transmitting device 1 and the receiving device 10 in order to 
ensure a good transmission quality. In case of the present invention, an orthogonal 
frequency division mulitplex (OFDM) wireless communication system is addressed, in 
which the transmission frequency band is divided in a plurality of frequency 
subcarriers, whereby adjacent frequency-subcarriers are respectively orthogonal to each 
other. The frequency subcarriers are transmitted in respectively succeeding time slots, 
so that the entire transmission pattern of frequency subcarriers in timeslots can be 
represented as a frequency/ time grid like the one shown in figure 2. 
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For the channel estimation in OFDM-systems using coherent modulation, various 
approaches have been proposed. Most of the approaches use pilot symbols placed in the 
frequency subcarrier/time grid for a channel estimation at the receiving side. Figure 2 
5 shows an example of a regular distribution of pilot symbols in the frequency 
subcarrier/time grid of an OFDM system. The pilot symbols are hereby labelled by 
circles. In the regular distribution of the pilot symbols shown as an example in figure 2, 
the pilot symbols are transmitted in some frequency subcarriers at respectively the same 
equidistant timepoints. The squares between adjacent pilot symbols in time and 
10 frequency dimension represent frequency subcarrier/timeslot allocations for the 
transmission of data symbols. 

Q In the following, the principle of a standard channel estimation method in an OFDM 

^J3 communication system is described. An OFDM signal received in a receiving device of 

^ 15 the OFDM system after a Fast-Fourier transformation for a subcarrier x and a timeslot i 

'"4 can be represented by 

O 

\j 20 whereby s^j is the transmitted data, h^ ; is the complex channel response and n^ ^ is the 
p additive white Gaussian noise for the frequency subcarrier x and the timeslot i. 

y 

n 

M For almost all channel estimation schemes, the first step is to use the knowledge of the 

transmitted pilot symbols and the received signals to perform a channel estimation at the 
25 frequency subcarrier/timeslot location of the pilot symbol. Assumed that the pilot 
symbols are located at the frequency carrier position x' and the timeslot position i', an 
initial channel estimation can be formed by 
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to obtain the channel estimation values for the frequency subcarriers and the timeslots 
located between the pilot symbols (in frequency and/or in time dimension), a filter is 
usually used. This filter can have several general forms, which include a one- 
dimensional form (in frequency or time), a two-dimensional form (in frequency and 
35 time), a two-one-dimensional form (first frequency and then time or vice versa), and 
the like. Further, the filter itself can have fixed or variable coefficients. 


For the sake of clarity of the following description, a fixed coefficient and one- 
dimensional filter in the frequency domain is used as an example, although the present 
invention applies to any type of filters. For the example of a fixed coefficient and one- 
dimensional filter in the frequency domain, the following expression can be used to 
yield the channel estimation h^ ^ at the data symbol locations (frequency subcarrier x 
and timeslot i) between the pilot symbols: 

whereby is the transpose of the filter column vector for the frequency subcarrier x 
and h ] is a column vector which contains a substrate of a size N of the initial estimates 
at the pilot symbol locations h ^. N being an integer number. 

The problem here is that it is difficult to know which filter coefficients to use in the 
filter and how large the subset N should be, since these parameters depend on the 
channel conditions. In order to combat this problem for filtering across the frequency 
domain, it has been proposed to use a fixed filter of a certain length which is selected 
from a set of filters depending on two parameters. The first parameter is the amplitude 
of the received signal at the frequency carrier x and the timeslot i. The second 
parameter is the difference vector between adjacent frequency subcarriers in the 
frequency domain. Here, the amplitude is used as a measurement of the reliability of 
the channel estimation. This is a valid assumption when the signal-to-noise ratio is high 
and there is no interference. However, for a cellular communication system, which 
consists of a number of cells, received signals are subject to interference from other 
cells. An example of a cellular communication system with a re-use factor of 3 is 
shown in figure 3. The frequency re-use factor FRF equals 3, since the entire frequency 
band F used in the communication system consists of the three frequency subbands fl 
4- f2 + f3, and in each cell all three frequency bands are used. As can be seen from 
figure 3, each cell is divided in three sectors, whereby each of the subfrequencies fl, f2 
and f3, respectively is used in one of the sectors. The arrows in figure 3 indicate 
sources of interference (base stations) from neighbouring cells to the mobile terminal 
indicated as a point. As can be seen, a mobile terminal located within a subsection, in 
which the frequency fl is used, is subject to interference from fl subsections of 
neighbouring cells. 

The object of the present invention is therefore to propose a device for receiving signals 
in a wireless cellular OFDM system and a method for channel estimation in such a 
wireless cellular OFDM system, in which the reliability of the channel estimation is 
ensured. 


4 


The above object is achieved by a device for receiving signals in a wireless cellular 
OFDM system, in which data symbols are transmitted in frequency subcarriers and 
timeslots, according to claim 1, comprising channel estimation means for performing a 
5 channel estimation on the basis of received pilot symbols, whereby the channel 
estimation for data symbols between pilot symbols is performed by means of a filter, 
said filter being selected from a set of filters on the basis of an interference reference 
value. 


10 The above object is further achieved by a method for channel estimation in a wireless 
cellular OFDM system, in which data symbols are transmitted in frequency subcarriers 
in timeslots, according to claim 7, whereby a channel estimation on the basis of 
received pilot symbols is performed, whereby the channel estimation for data symbols 

ii3 between pilot symbols is performed by means of a filter, said filter being selected from 

^ 15 a set of filters on the basis of an interference reference value. 
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The selection of a filter for the channel estimation depending on an interference 
reference value ensures a reliable and efficient channel estimation, since the interference 
from neighbouring cells of the cellular system is taken into consideration. 

Further advantageous features are claimed in the respective subclaims. 


Advantageously, the filter is selected from a set of filters on the basis of an estimated 
carrier-to-interference ratio. Thereby, the estimated carrier-to-interference ratio at the 

25 frequency subcarrier and the timeslots of the data symbol to be channel estimated is 
used for the filter selection. Advantageously, the estimated carrier is a wanted carrier 
power value at the frequency subcarrier and the timeslot of the data per symbol to be 
channel estimated. Besides the interference reference value, a further parameter 
characterizing channel characteristics can be used for the selection of the filter. In case 

30 that the filter to be selected is a frequency filter, the filter is further selected on the 
basis of a difference vector between frequency subcarriers adjacent to the frequency 
subcarrier of the data symbol to be channel estimated. In case that said filter to be 
selected is to be a time filter, the filter is further selected on the basis of a doppler 
frequency of the data symbol to be channel estimated. 


The present invention thus proposes a simple and effective adaptive selection of an 
estimation filter for the channel estimation in the cellular OFDM communication 
system. 


The present invention is further explained in more detail in relation to the enclosed 
drawings, in which 

figure 1 schematically shows a wireless communication system including a 
transmitting device and a receiving device, 

figure 2 shows a subcarrier frequency and timeslot grid of an OFDM 
communication system with an example for a regular pilot symbol distribution, 

figure 3 schematically shows an example of a cellular OFDM communication 
system with a frequency re-use factor of 3, and 

figure 4 schematically shows a receiving device for a wireless cellular OFDM 
system according to the present invention. 

In figure 4, a schematic example of a receiving device 20 for a wireless cellular OFDM 
system is shown. The shown receiving device 20 can e.g. be part of a mobile terminal 
of the wireless cellular OFDM system, in which case the mobile terminal further 
comprises all necessary elements for transmitting signals in the OFDM system. It is 
further to be noted, that the receiving device 20 shown in figure 4 only shows elements 
necessary for the understanding of the present invention. 

The general structure of the receiving device 20 shown in figure 4 corresponds to the 
one of the receiving device 10 of the communication system shown in figure 1 and 
identical elements are characterised by the same reference numerals. The main 
difference between the receiving device 20 of figure 4 and the receiving device 10 of 
figure 1 is the structure of the channel estimation means 21. The channel estimation 
means 21 of the receiving device 20 according to the present invention performs a 
channel estimation on the basis of received pilot symbols, whereby the channel 
estimation for data symbols between pilot symbols is performed by means of a filter, 
similar to the channel estimation means 16 of the known receiving device 10 shown in 
figure 1. In difference thereto, the channel estimation means 21 of the receiving device 
20 according to the present invention comprises a filter selection means 22, which 
selects the filter for the channel estimation from a set of available filters on the basis of 
an interference reference value supplied to the filter selection means 22. 

In the embodiment of the present invention shown in figure 4, an estimated carrier-to- 
interference ratio (C/I) at the frequency subcarrier x and the timeslot i of the data 
symbol to be channel estimated is supplied to and used by the filter selecting means 22 




to perform the channel estimation. Particularly, the estimated carrier is a wanted or 
expected carrier power at the frequency subcarrier x and the timeslot i of the data 
symbol to be channel estimated. The interference value is an interference reference 
value. The estimated carrier-to-interference ratio (C/I) is as a value known and used in 
5 common communication devices and can be measured in different ways. 

Beside the estimated carrier-to-interference ratio (C/I), the filter selecting means 22 
further uses specific channel characteristics to select an appropriate filter for the channel 
estimation of the data symbol. The specific channel characteristics can e.g. be a 
10 difference vector between frequency subcarrier s adjacent to the frequency subcarrier of 
the data symbol to be channel estimated in case that the filter to be selected is to be a 
frequency filter. Alternatively, if the filter to be selected is to be a time filter, the 
Q specific channel characteristics can be a Doppler frequency of the estimated channel. In 

case that the filter to be selected is a time and a frequency filter, a difference vector 
7q 15 between frequency subcarriers as well as a Doppler frequency can be used as the 
specific channel characteristics, on which the filter selection is based together with the 
estimated carrier-to-interference ratio. For example, the filter to be used for the channel 
D estimation may therefore be a variable length estimation filter, whose length depends on 

1,. the estimated carrier-to-interference ratio and the channel characteristics. The set of 

Q 20 filters may in case comprise several filters of the same filter type but with different 
lengths. Alternatively or additionally, the set of filters from which the channel 
estimation filter is to be selected can comprise different types of filters commonly used 
as channel estimation filters in an OFDM system. 


25 Thus, the present invention enables a channel estimation filter size and type to be 
optimised accordingly to the interference conditions and the channel characteristics in a 
wireless cellular OFDM system, whereby the effect of intercell interference is 
considered so that a reliable channel estimation can be performed. 


